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This document contains information affecting the national
defense of the United States within the meaning of the Espionage
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Section 1

INTRODUCTION

Background

A comprehensive method for analysiz and evaluation of weapons sys-
tems has been developed by Stanford Research Institute tu give better in-

formation to decision-makers concerned with allocating national resources
The method for analysis and evaluation can

among future weapons systems.

be summarized in ten steps:
1. Establish a strategic framework outlining the boundaries of in-

tercontinental thermonuclzar war and the place of the air defense system

therein,
assigning measures of

Analyzc the target system to be defended,

2,
These value measures are the primary criteria

value to the components.
of effectiveness of the weapons systems.

Analyze on a dynamic basis the capabilitics of the expected or

3.
designated enemy as a threat to the target system.

Determine the environment in which attack and defense operate,
This step is

4.
including those factors relevant to plans and execution.

particularly important when envirormeuntal systems for air defense weap.

ons are being evaluated.

5. Define and describe the weapons systems under study, determining
Establish and identify the vari-

functions and parameters of the systems.

ations, official and unofficial, of the system.

6. Analyze the operational availability of the defined systems
under alternative

states of national urgency.

Pertorm a cest analysis on the weaponrs systems, i1ncludihg unit
as fiscal year ex-

/.
costs. initial investment program costs *.c<tributed
and annual cperating costs os achi~ving various schedules at

penditures,
urgency .

various tforce

levels for various states of nationai

in an opera-

Lhe we ! pone systems
at

the capabilities of
tional environment on a dynamic bo=i1s and maicn these capabilities
the esitimated future potentials of thce threcat.

time against

B Fstablish

cach point an
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9. Determine, through analysis of the factors invclved, the opera-
tional (such as reliability) and logistical (such as schedule slippages)
degradation of the weapons systems.

10. Determine the effectiveness of the air defense systems as thay
fit into our defense posture at various force levels under various states
of urgency, utilizing the measures of value established.

Finally, make use of successive approximations so that the strategic
framework is constantly modified, countering changes in enemy strategy.

The method seeks a complete statement of the problem to provide per-
spective for an evaluation, and it treats all elements -threat, target
defense measures, and air defense weapons--as varying over time.

The research reported on in this study is a part of Step 6--Availa-
bility Analysis--and is specifically concerned with leadtime.

Normally, Stanford Research Institute's availability analyses deal
with the time between the end of feasibility study and the deployment of
some quantity of units in operational condition. These leadtime studies
have gone beyond the leadtimes involved in weapons hardware, and have
been concerned also with the associated personnel training, operational
site acquisition and construction, support activities, and management
activities (contracts, decision dates, funding, etc.).

Several techniques and methods for evaluating availability estimates
are in development and usc at Stanford Research Institute. They will be
reported at a later date. Technical evaluations are made of the state
of the art of all components of a particular weapon system to help deter-
mine technical feasibility of that weapon system and its schedule. Con-
currently, a detailed analysis is made of the master schedule for a
weapon system program so as to isolate any internal inconsistencies.
Techniques also include an examination of the planning factors and as-
sumed conditions which underlie an estimated completion date, Costs are
correlated with the master schedule to determine annual expenditures
needed to attain that schedule

The research reported on herein 1s background material contributing
to comnrehensive and :pecitic analyo-es Since the primary objective of
the resecarch on aiv defense has been directed toward providing organized
facts and cvaluation< to decrsion-mekers, it was deemed appropriatc to
examine in same detail those official documents that presented data to
strategie doecisron-makers at the Army Staff and Department of Defense

1

foved Thes study caamrines the historical record of the data reporiced

3
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on thirty-one missile systems in the Annual Guided Missile Progress Re-
ports (DOD form DD-613, entitled R&D Project Card) and the data reported
by each of the services to DOD and listed in the DOD Guided Missile Pro-
gram Table. The study views the adequacy of these documents for provid-
ing a source of information for important strategic decisions,

Scope of Study

Tric paper is a part of these continuing efforts of Stanford Research
Institute to evaluate the Army's air defense missile systems by extending
availability research into five basic areas:

1. What is the definition of the phases of a weapon cycle, and how
adequate are the definitions in current use toward establishing
a rigorous system of veporting to insure comparability among
all weapons systems?

2. How much time do the weapon cycic and i1ts phases consume?

3. What are the errors in estimating the length of the weapon cycle
and its phases?

4. What can be done to shorten the weapon cycle, and what data and
techniques are required to control leadtime from research to
operational status?

5. What is the relationship of dollar expenditures to the weapon
cycle?

This paper provides background data in basic areas 2 and 3 ("How
much time is required, and what are the errors of estimating?'), and in-
dicates how this knowledge can be useful in evaluating missile programs.
In addition, the study cxamines the data submitted on official reporting
forms to determine the degree to which the data contained in these re-
ports are adecquate for use by strategic decision-makers.

This tlueditacal 1eport spcci

1. The artual leadtimes to operational statusl/ for nine United

States missile systems, and the leadtimes to estimated

1 Time from projoct start to aperational status. Project start does
nat necessarily correspond to the end of the feasibility study (nor-
matly the «tarting date of Stanford Research Institute icvadtime
studie<) .
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operational status for an additional twenty-two United States
missile systems (Section I11).

2. The relationship between estimated and actual dates of opera-
tional availability for eight of the nine operational missile
systems; also, the relationship between first estimates aad the
iutesl eslimales for thirteen ncnoperational missile systems
(Section 1V).

3. The charges in leadtime as a function of calendar year of start
of project (Section V),

4. Time to the first production contract as a ratio of time from
project start to operational status (Section VI).

5. The relationship of estimated and actual completion dates of op-
erational availability to estimated and actual completion dates
of research, development, tcst, and operational evaluation for
the Army’'s family of missile systems (Section VII).

6. The series of estimates of completion dates for research, devel-
opment, test, and operational evaluation for the Army's family
of SAM systems: NIKE-AJAX, NIKE-HERCULES, HAWK, TALOS (land-
based), and PLATO (Section VYIII).

This report consists primarily of analyses of data in these areas,.

Ko attempt
for errors
use of the
the nature
data.

is made to assign causes for variation of leadtimes or causes
of estimate. Howéver, to provide some guidance in the proper
statistics. 1t wus necessary to present a general outline of
of errors and to raise questions or cautions in the use of the
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Section 11

SUMMARY

This technical repgrt is an analysis of data on missile system lead-
times. The report does ngQt purport tc explain specifically--system by
system—-gﬂl leadtimes vary d estimating errors exist, nor does it pre-
tend to categorize the estimhting errors as “preventable” or "not pre-
ventable.'  The general causes\of errors in estimating are discussed,
but this report does not link spd¢cific cause and effect in the discus-
sion of estimating errors. N 66, much has been learned about
the nature of the leadtime measuremeht problem., Following are the major
observations drawn from this study. ‘\\

1. Available leadtime data leave much to be desired in terms of
accuracy of definition and consistency. This statement should not be
interpreted as vitiating the conclusions of this report. It does mean,
however, that it was not possible to get precise and consistent data be-
cause of the ambiguities of the definitions of specified events. There-
fore the statistical results should be treated as approximate.

2. The leadtime for operational status of missile systems has aver-
aged about eight to nine years. The nine missile systems which were op-
erational in June 1957 averaged 8.7 years from project start to first
unit in an operational status. The span of leadtimes was from about
6 to 11 years, with 78 percent of the nine systems falling in the 8- to
9-1/2-year bracket.

Using the latest estimates of operational availability, the average
leadtime for twenty-two systems which are not yet operational is about
the same as for the rine operational systems However, the span is
greater (4 to 19 years), and 82 percent of the systems fall in the 5- to
12-172-year bracket.

3. Estimates of leadtimes to operational availability have usually

brea vptimistic. Tor the ninc operaticngl systemg, the {iret ectimates

of operationaf_av41lability were optimistic by 2 to 4-1/2 years (i.e., the
estimated dates were sooner than the actual dates). Only 3 percent of

all cstimates up to the time of operational availability were pessimistic
(estimated date later than actual date) py more than one-half year. The
estimated time-to.go (that is, time from date of estimate to estimated
operational avairlabiiity) averaged about 65 percent of Lhe actual time

requited: however, individual estimates varied widely from the average.
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The thirteen systems which are not yet operational show a somewhat
poorer estimating performance than the nine operational systems in terms
of the "slippage' rate (rate of delay in years per year of the estimated
operational availability date). However, no significant difference in
the average slippage rate could be determined between the systems started
prior to 1950 and those started after 1950,

4. The average of the latest estimates of leadtimes for missile
gystems initiated after 1950 is less than those for the pre-1950 missile

systems. The average leadtime for systems started prior to 1850 is about

10-1/2 years, based on actual leadtimes for operational systems and mid-57
military service estimates for the not-yet-operational systems. For post-
1950 systems, the average of mid-57 estimated leadtimes is about 7 years,
or 3-1/2 years less than average leadtimes for the pre-1950 systems. 1If
the estimating error data for the eight operational systems are used to
compensate for the probable optimistic error in the estimates for the
post-1950 systems, the compensated average leadtime would be about 9 years,
or 1-1/2 years less than the pre-1950 systems.

5. For seven of the nine operational systems, one-half to three-
quarters of the total leadtime was spent prior to the first production
contract. For the nine operational systems, about 25 to 85 percent of
total leadtime was spent prior to first production contract, Seven sys-
tems were grouped in the range from 50 to 75 percent. In terms of years,

the range of times from first production contract to operational availa-
bility varied from about 1-1/2 to 6-1/2 years. Variation for the most
closely grouped six systems was from about 3 to 4-1/2 years,

The maximum variation of estimated percentages of time spent prior
to first production contract for eleven not-yet-operational systems for
hich data were avallable was about the same as for the nine operational
systems. Nine of the eleven systems were fairly evenly distributed be-
tween 50 and 85 percent.  In terms of years from first production con-
tract to estimated operationual wvailabality. the variation was from about
1 to 7 years., Seven of the eleven systems are estimated to require from
2-1 2 to 3-1 2 years. Further delays tn estimated operational availabil-
ity dates may change this pattern

6. The data for cleven Army missile systems showed no marked time

relationships between total leadtime and completion of activities in the

R&D phase (i e. research development, test. and operational evaluation}.

Although 1t 15 logical to suppose that time relationships do exist between
complevrion of the various R&D activities and operational availab?lity, no
marked correlatinns were apparent 1n the data. Hence, knowledge of the
estimated completion dates of R&D phases as reported by the military
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services to DOD appears to be of little value in evaluating operational
availability dates. 7Two reasons for the low correlation are probably
(1) the time relationships are different from system to system, and

(2) research, development, test, and operational evaluation are diffi-
cult to define in terms of a specific system.

7. For NIKE-AJAX, NIKE-HERCULES and HAWK, estimates of completion
dates for activities in the R&D phase (i.e., research, development, test,
and operational evaluation) in general showed greater rates of change,
or slippage, than estimates of operational availability. Examination of
data for these three Army SAM systems suggests that the present report-
ing by the military services to DOD does not define R&D phase activities
adequately for meaningful interpretation with respect to system defini-
tion. For example, it is prabable that early estimates of the completion
of R&D phase activities refer to the first configuration of the system to
become operational. Some subsequent estimates probably refer to advanced
configurations; hence, the estimated completion dates for the R&D phase
activities show greater rates of delay than the estimated dates for op-
erational availability of the first configuration.

8 The present system for reporting leadtime data is inadequate for
planning and control purposes, particularly in R&D activities, This state-
ment 1s based upon the discussions of Summary Statements Nos. 1, 5, 6,
and 7

<1 1s apparent that more thought and analysis must be given to re-
porting and controlling the leadtime parameters of R&D if substantial
lcadtime reductions are to be realized.

9 The data 1n this report. if employed judiciously with other more
detailed system data. are useful for broad planning purposes until further
analysis explains the cause-effect relationships. The reader is warned
Lo use these data with caution because qualitative factors influence lead-
time. The influence of these factors on the leadtime data has not been
determined; hence there are limitations on the use of these data alone

in reference to any single system However these data can provide a

useful means for cvaluating -chedules when combined with other detailed
system data
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Section IIl

LENGTH OF LEADTIME FOR THIRTY-ONE
UNITED STATES GUIDED MISSILE SYSTEMS

Figure 1 shows (1) the time spans of nine operational systems fron
project initiation to first operational availability, and (2) the esti-
mated time spans of twenty-two not-yet-operational (or 'nonoperational’)
guided missile systems, The dates used for the starts of the projects
and actual and estimated operational availability come from two primary
sources: (1) the Office of the Assistant Secretary of Defense, R&E, in-
cluding the DOD Guided Missile Program Tables, and (2) the annual Guided
Missile Progress Reports of the Army, Navy, and Air Force. (See Appendlix
Table A-1, column 2, for specific data references by missile system.)

The DOD Guided Missile Program Tables from which the data were ob-
tained 1listed fifty-five systems; however, actual or estimated lecadtimes
could be calculated for only the thirty-one systems (shown in Table I
and Figure 1) for which the dutes of project initiation were given,

The thirty-one missile systems were classified into two groups, op-
erational and nonoperational, as of 30 June 1957, in order to show simi-
larities and differences between the actual leadtimes of operational
systems and estimated leadtimes for systems which were not operational.

The nine operational systems required an average of 8.7 years from
projecc initjation to operational availability (see Figure 1). Of the
nine systems, seven systems (78 percent) are grouped in the interval
from 8 to 9-1/2 years (1-1/2 years' variation). The extremes range from
Jjust under 6 years to more than 11 years, a variation of about 5-1/2 years.

According to the mid-57 estimates, the twenty-two nonoperational
systems will require about the same average time to become operational
(8.5 years) as the nine operational systews. However, the variation of
estimated lcadtimes is greater, As Figure 1 shows, the central §2 per-
cent of Lhe sysiems {vighilven sysivms) aivc ¢stimated tu roguire abgoat
5 to 12-12 years (7-1'2 years' variation, where operational systems
varied 1-1 2 years), and thc cxtremes range from 4 tc almost 19 years
(about 15 years' variation, as against 5-1.2 years' variation for opera-
tional systems).

SECRET




SECRET

NUMBER OF MISSILE SYSTEMS

NUMBER OF MISSILE SYSTEMS
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IN THIS RANGE
|
4 (— .
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Table I

DOD GUIDED MISSILE PROGRAM TABLE (AS OF 30 JUNE 1957)
DATES OF EARLIEST OPERATIONAL AVAILABILITY
(Service Estimates)

“oupee o Asst for BRP O tober 10

Missile Systom Service Tncluded Rissile Systom Service Included
in Analysis in Anslysis
SAM ASM
NIKE-AJAX A x RASCAL {GAM-63) AF X
NIKE-HERCULES A X BULLPUP (ASN-N-7) K, AF X
NIKE-ZEUS A X GREEX QUATL (QAR-72) Ar -
TERRTER (SAM-K=T} N Ox) x CORVUS (ASM-N-8) X -
ADY. TERRIER pt-3 L - B-52 ASM (¥5-138) Ar -
ADV. TERRTER Rtn (Nuc or ME) L - n-38 FOD AF -
ADY. TERRIER Ht-3 N -
TALOS (Ship) SAM-N-6L L X AUM
TALOS (8hip) SAN-N-8b1 N -
TALOS (Ship) SAM-N-GBbw N - PETREL (AUM-N-2) N X
TALOS (Ship) SAM-N-Sbwl N .
TAIOS (land) {8bl and 8bvl) A X SEM
HOVARC 14-99, A X
BOVARC M990 AF - MATADOR (TN-61A) MSQ guidance AF X
TARTAR {SAM-¥- ) X x MATADOR {TH-81C) Shanicie guidence AF -
HAWK (SAM-A-18) A O X MATANOR (TM-61B) Atren guidance AF ~
PLATO A - REGULUS 1 (SSN-N-8) N b
WIZARDL (¥S-222A) AF - CORPORAL Typo [1 (SSN-A~1T7) A XE/
REDSTONE {SSM-A-14) A X
AAM LACROSSE (3S%-A-12) A X
DART (SSM-A-23) A x
SPAKROF 1 (AAM-N-2) N X SERGEANT (SSM-A-27) A X
SPARROW 111 (AAM-K-6) ] b3 JUPITER A X
SPAHRO¥ X ] - THOR (SM-75) A¥ x
FALCON (GAR-1.11) AF X REGULUS 11 (SS¥-N-9) L] X
FALCOR (GAR-2 2A) AF - POLARIS (SH8-K- ) N X
FALCOR (GAR-3) AF - TRITON (SS5M-K-2) N x
FALCOK (GAR-4) AF - SKARK (SM-62) AF x
SIPEWINDFR 1 (AAM-N-T) N owy x ATIAS (SM- 351 AF ]
SIDEXINDER 1A (AAM-N-T) LIS o) - BULL GOOSE (SM-73) AF -
SIDFWINDER 'Y (GAR-8) AF - TITAN (SK-68) AF X
Patrol Heavy Atisek Defcnse § -
FAGLE ] -

Farliest operationsal svailabiittyv.-the date shen the lirs? unit is equipped 1o have capability for action agsinst
the enemy cxcept for TRAX's and ICM®'s which are for beginning of Initial Opera!ional Capability (10C).

The anmiveia 1reats the CORPORAL E {Type §). shich ia very simiiar to Tvpe 1| except for the oparational evail-
ability dates
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Because the data for the twenty-two nonoperational systems consist
of time durations from project start to estimated date of operational
availability, they are different from data for the operational systems
in two important respects:

1. Some of the twenty-two nonoperational systems will probably be
cancelled prior to becoming operational. These unsuccessful
systems quite possibly have an average of latest estimated lead-
times that is different from the average of those that will be
successful.

2. As discussed in the next section of this report, estimates of
future accomplishment have a strong tendency to be optimistic
with respect to the actual accomplishment; hence, as these sys-
tems become operalional, their actual leadtimes will probably
be found to have been greater than the current estimates.

Because of these two important differences between actual and esti-
mated leadtimes, it can be stated only that the twenty-two nonoperational
systems are estimated to require about the same average length of time
to become operational- as the average length of time for the nine opera-
tional systems, and that the variation of the estimated leadtimes is much
greater than the variation of actual leadtimes.
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Section IV

ERRORS OF ESTIMATE

Figure 2 illustrates the successive estimates of the date of first
operational availability for nine guided missile systems which had be-
come operational by mid-1957. The estimates are official estimates made
by the three military services to the Department of Defense. (See Ap-
pendix B for explanation of the method of plotting Figure 2.)

In general, the plots for the nine systems have a similar pattern:
the estimated completion dates tend to become progressively later with
passage of time. The first reported cstimates for the nine systems de-
viated from the actual dates by 2 to 4-1/2 years in an optimistic direc-
tion (i.e., estimated dates were sooner than actual dates), In the case
of PETREL, oune subsequent estimate was optimistic by 7-1/2 years. Only
3 percent of all the estimates made were pessimistic by more than a half
year,

Individual estimates vary widely in their error. It must be empha-
sized that the term "error,” as used in this report, refers to the time
difference between estimated events and actual events regardless of
cause; no blame is implied. Figure 3 was plotted to show the relation-
ship between estimated and actual times-to-go (time from date of esti-
mate to date of operational availability) for the eight operational
systems for which several estimates were available (CORPORAL, with only
two estimates available, was omitted). This figure shows that the esti-
mated time-to-go averaged about 65 percent of the actual time-to-go.
Stuted in years. 6 ycars from operational availability, the average es-
timate was about 4 years; at 3 years to go, the average estimate was
about 2 years. This means that there was about 2 years' average opti-
mistic crror at 6 years to go and about a year's at 3 years to go. The
average optimistic errors in this figure arec the vertical distances from
the average estimate points to the “correct estimate line.” The average
ontimistic error tended to be about 35 percent of the actual time-to-go.
Note that these are averages, Individual estimates and errors vary
widely from the averages, and the estimates for a single missile system

can {all predominantly abeve or below the averages

Unfortunately, the actual time-to-go is not known {or future events
and os therefore o poor reterence against which 1o measure errors. Fig-
ure b owas ptotted from the orientation of the military planner, who must
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FIG. 2

ESTIMATED COMPLETION DATES OF OPERATIONAL AVAILABILITY
FOR NINE OPtRATICNAL GUIDED MISSILE SYSTEMS
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work with estimated time-to-go. Figure 4 is derived from the same esti-
mates as Figure 3, but shows optimistic errors plotted against estimated
time-to-go. By visual inspection it can be seen that the average error
of estimate was greatest (roughly 2 years optimistic) when the estimated
time-to-go was 3 to 4 years. As might be expected, the average error de-
creased as the estimated time-to-go decreased below 3 years. However,
the average error was also smaller (1 to 1-1/2 years) for estimates of

5 or 6 years to go. This seeming anomaly of greater accuracy for longer
estimates can be explained by the limited range of actual times-to-go for
the eight systems: all but five estimates were made when the actual time-
to-go was less than 8 years. The effect is clear in Figure 4; the data
are compressed into a triangle bounded, approximately, by the 8-year
"actual time-to-go'' line and the two axes. Some changes in Figure 4 can
be anticipated i1f it is kept up to date as more systems become opera-
tional, For example, if SNARK, RASCAL, TALOS (shipboard), and LACROSSE
become operational, the actual time-to-go boundary of the data points
will move out from 8 to 8-1/2 years to about 11 or 12 years {(or more)

and numerous data points will be added with at least 4 to 6 years' error
for estimates of 3 to 6 years time-to-go. As a result, the average error
values will probably increase, particularly in the area from 3 or 4 to

7 years estimated time-to-go.

Figure 5 was plotted to show the history of estimates for thirteen
of the twenty-two nonoperational guided missile systems in order to com-
pare them to the history of estimates for the nine operational guided
missile systems shown in Figure 2. The nonoperational systems which
were not plotted (nine systems) had data for less than 3 years of esti-

mates, which are not enough to establish definite patterns of estimating
performance.,

A cursory examination of the plots for nonoperational systems in
Figure 5 shows a strong similarity to the plots for operational systems
in Figure 2. 1In both cases, first estimated completion dates are opti-
mistic by up to several years and subsequent estimated completion dates
are later with passage of time.

Table II was prepared to show similarities or differences in the es-

timating performances for ihe upcrational systems and thene for the non

operational systems. The numerical measure used to describe estimating
performance, illustrated in Figure 16 (in the appendix) is the average
slippage rate (i.e., average rate of change of the estimated date of op-
erational availability per calendar year). For operational systems, the
slippage rate ig delermined by the first estimate and the actual opera-
tional availability date. For nonopcrational systems, probable earliest
and latest dates of operational availability are defined which establish
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ESTIMATED CCMPLETION DATES OF OPERATIONAL AVAILABILITY
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Table II

RATES OF CHANGE OF ESTIMATED
FIRST OPERATIONAL AVAILABILITY DATE

LR ey o

Category 1--9 Operational Systems

t
System Project Start Date Avor‘nge Slippage Rate
(years delay per year)
PETREL 8/44 0.53
CORPORAL E 12/44 .60
AJAX 2/4% 44
MATADOR 2/46 53
REGULUS 1 6/48 .23
TERRIER 11/46 .25
SPARROW | 12/46 .35
FALCON 3/47 .50
SIDEWINDER 9/50 .47
Average 0,43
Category 2--5 Nonoperational Systems Started in 1946 and 1947
Average 3lippage Rate
system Projoct (years delay per year)
4 Start Dete
Probable Minimum Probable Maximum
SuARK 2/48 0,39 0,49
RASCAL 5/46 .56 .82
TRITON 9/46 .68 .13
TALOS (Ship) 11/4¢ .44 .52
LACROSSE i 7741 .85 .63
Average 0,52 0.60

Category 3--8 Nonoperation

al Systems Started in 1950 or Later

Average Slippage Rate

System Project (vear's delay per year)

i Start Date

: Probable Minimum Probable Maximum
HEDSTONE H 750 0,47 0.58
BOMARC H 1 51 ,63 .72
SPARROW 111 1oe .54
HAWK T PR 55
RULLIUP 405 A2 .54
HERCULFS 1 RE 12
DART 12 .20 A8
SFRGEANT 1 ! LT .55

L I S S .

19

SECRET




SECRET

a probable minimum and maximum slippage rate. These probable earliest
and latest dates are based on the error data of Figure 4. 1f these data
for the operational systems hold true for the nonoperational systems,
about 80 percent of the nonoperational systems will have operational
availability dates falling between the derived earliest and latest dates,

Appendix C gives the details of projecting the probable earliest and late-
est availability dates.

The datn on average slippage rates are grouped into the three cate-
gories shown in Table II:

1, The nine operational systems.
2. The five nonoperational systems started in 1946 and 1947.

3. The eight nonoperational sysiems siasited in 2950 cor later which
have enough data to establish a slippage rate.

Within each category the average slippage rate varies substantially
from one system to another. For the operational systems, the variation
was from 0.23 to 0.60 year's delay per year. For the nonoperational sys-
tems, the variation was in about the same or a somewhat greater degree.

Table I1I is a summary of the averages of the slippage rates for
the three categories and for combinations of the three. The following
summary statements can be made with respect to Table III:

1. The nine operational systems (Category 1) show a smaller aver-
age slippage rate than the probable average of the thirteen non-
operational systems (Category 4) for which slippage rates can
be cstablished (0.43 versus the 0.43 to 0.56 average of probable
minimum and maximum rates). In other words, the average slip-
page rate for operational systems can be expected to increase
as more systems become operational.

2 The thirteen systems which were started prior to 1950 (Cate-
gory 5) have a range of averages of probable minimum and maxi -
i Sl e st A0 A7 et N 1AOY which £a11 within tho manon
fum 3)ippagc rates {0017 to 0.12) which £all within the rar
(0.39 to U.52) for the post-1950 systems for which slippage
rates can he established (Category 6). In short, slippage rates
do not appear to be growing significantly better or worse with
time

SECRET




SECRET

*0C61 UT Palxels sew ‘Teuotiedado ST ydrym

dICNIMEQIR

£p°0

131}8 10 OGEl UT ParIRILS
SWa18AS lBUOTIRIadOULU §

vcm\lamum>m TeuoTieIado 1
2t
0661 ©1 1ot1id pajyirels
SWa1sAS [PuoTivIadOuULU ¢

pue —~SWA15AS ANECAMGLQQ: =
/1

(¢ puv 2 savaedoiro)
swa3lsas [BuOTi1BIdOUOU (]

1al8[ I0 Q¢61 Ut pllieds
SwWaisAs TruollEISdOucl w

LP61 PUB Gpel UT PoVIP.S
SWa3is4S [BUCTel»doucu g

SWalsAs reuntIeIAO

2670 6£°0
6¥v°0 L% 0
96°0 €v°0
€8°0 8€°0
09°0 [A<]
unm ¥ X ew wnEtuT

(1eas 13d ABTSIP 5, I1P31)

(1824 xad Aetop s I1eIL)
saje( pajewtisy jo adusyd
Jo 31vd a3eviday
aTqeqold paiewrlisy

s$331¢(J P2I1PWI ST
J0 92uey) Jo sS9.PY
3deIoAyY TENIDY

AInF e

STLVA ALITIGVIIVAY TYNOILIVAIdO
@ALVKILIST A0 IDNVHD 40 SILVY 40 HVWNIS

11T a14Q¥elL

e A

L

a

SECRET




]

— wo— -

i b ot o

e

SECRET

Section V

TREND OF LEADTIMES REQUIRED

The actual and estimated leadtimes for the thirty-one guided missile
systems are plotted in Figure 6 against the dates of initiation of the
projects in order to show whether there are tendencies for later missile
systems to require greater or less leadtime than earlier missile gystems.

The sloping dashed line in Figure 6 represents mid-57, To its left
are plotted actual! leadtimes for the nine operational missile systems;
to its right are plotted estimated leadtimes for the twenty-two nonopera-
tional systems.

When operational and nonoperational systems arc viewed together, it
would appear that missile system developments started in 1950 or later
will require less leadtime, on an average, than those started in 1944
through 1947, The average of the estimated leadtimes of the latter group
is approximately 7 years and that of the earlier group approximately
10-1/2 years, a reduction of 3-1/2 years. It is likely, however, that
this apparent reduction in leadtime is optimlscic since estimates have
gencrally been optimistic in the past.

For the eight operational systems i1t was determined (see Appendix C)
that no more than 10 percent of the estimates were optimistic by more
than 3.6 years. Hence, it appears likely that the average leadtimes for
the post-1950 systems will be less than the average leadtime for the pre-
1950 systems. However. the following paragraph discusses an important
reservation on this apparent leadtime reduction.

Figure 7 portrays leadtimes for seven strategic bombers plotited in
the same manncr as the data shown in Figure 6. This figure was included
Lo show another family of weapon systems in which increased leadtimes
have been required for the later developments Some influences tend to
reduce leadtime for later systems come tend to inmtrease it; in the case
of the strategzi. bombers, the factors tending o increasc leadiime pie-
dominated. Since the balance hetween the factors tending to increase and
those tending ta decrease missile syvstem leadtimes are unknown within the
context of this study, :i should not be inferrcd that the apparent trend
of missile cystem leadtime reduction will necessarily continue,
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® ACTUAL LEADTIMES FOR CPERATIONAL SYSTEMS

€ ESTIMATED LEADTIMES FOR SYSTEMS NOT OPERATIONAL BY M!D-1957.

NDE  The nine apeiational guided miniie system fie to the 1eft of the doshed

TR Appendie rabse A D

FIG. 6
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ACTUAL AND ESTIMATED LEADTIMES AS A FUNCTION OF DATE

OF PROJECT INITIATION FOR THIRTY-ONE GU!DED MISSILE SYSTEMS
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START OF CONTRACTOR'S PRECONTRACT STUDY
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Section V1

RELATIONSHIP OF TIME TO FIRST PRODUCTION CONTRACT
TO TOTAL LEADTIME

Presumably, the signing of the first production contract for a mis-
sile gsystem would indicate that the system design has been sufficlently
proved to warrant translating it into production hardware, and that it
should therefore be a good indicator of progress of a system's development.

Data relating the first production contract date to the project
start and the operation availability dates are presented in this section
to show how much similarity exists between wecapon systems in thie respect.

Two sets of data are plotted. In Figure 8 are shown data for nine
operational missile systems. In Figure 9 are shown actual and estimated
data for eleven of the nonoperational systems for which data are available.

In both figures a vertical line for ecach system represents the ac-
tual time duration from project start to first production contract. It
1s plotted on the horizontal scale according to the actual (Figure 8) or
estimated (Figure 9) leadtime to operational availability in order to
show the relationship between the length of time spent prior to the first
production contract and the total leadtime to become operational.

Figure 8 shows the relationship for the nine operational systems.
In five (55 percent) of thesr systems, 59 to 70 percent of the total op-
erational lcadtime was spent prior to the tirst production contract,
The extremes for all nine systems range from 26 percent to 84 percent.

Expressed in terms of years aftcr the [irst production contract,
five of the systems (05 percent) took 2.8 to 4.2 years to reach opera-
tional status (extremes for all nine range from 1.4 to 6.5 years).

The state of increcased military urgency during and aftee t
confilct quite pussibly aifcols Lhe pattoen Sf Tigurc 8. Eight
nine systems were initiated between 1944 and 1847, Of the eight, first
production contracts for five systems were signed between the end of 1950
and mi1d-1951 during the Korcan conflict . (Sec Appendix Table A-6.) This
close grouping of rirst production contracts suggests that there may be
A relationship between military or pelitical “"urgency' and the first pro-
dudc Lion contract that < perhaps as important to the relationship hetween

svstem readines=s for production and the contract.

SECRET

b kil




SECRET

14 100
13—
12
oo
10—
)
S o g
z =Y
& I
< gl =]
A -
<
5 e
b )
E N -
g &
z & 5
b} TIME FROM k
& / FIRST 9
w Sk PROD'IN, ¥
;2: CONTRACT T
TO OPER. "
4 AVAIL, - ,§ 3l
” 7 e =] 14
A - sl-o -
sb- TO1AL (L /»; wllia] — "
s | 1 ]
el ~4 e
b ] w ey
2 o ':q | 1
2 SHEt= x o
3 “&ll =l lale w 10
1= 3/ § & L9 g1
= e w 1|0 w
wi [} ] R od w0 [N
o ! L1 i ] 1 L 0
< 6 7 8 9 10 " 12 13 14
TOTAL LEADTIME (YEARS)
0-2580-2-w-10y
® HIRST PRODUCTION C ONTRACT

NCTE Cut-off aate of dota 30 Jure 1957

€N ROE ASavsadis Tahle A < A
FIG. 8

TIME TO FIRST PRODUCTION CONTRACT VS TQTAL LEADTIME
FOR NINE OPERATIONAL GUIOED MISSILE SYSTEMS

SECRET




v —r e wm— ———— r P S

s

L)

Er

SECRET

TIME FROM PROJECT START (YEARS)

14 100
13—
i 90
12+ | )‘/
L1
80
n | d
145 A
o -
° ! ¢ 0 =
/ 2
[ <
s i - =
:/ / 60 3‘
8 O
P1 P 4
i/ 5
T A s0
I ~ z
6 | - &
| g 40 ¥
ESTIMATED | 7 o
s|— TIME FROM ] - &
FIRST PROD'N. e 3
CONTRACT 4 30 &
4 TO OPER. I el R
AVAIL, -
s ESTIMATED R
TOTAL / " = 20
LEADTIME & —
~ TIME FROM AT - _—llE
U 7 T oy, sTART Jaltiaffe gt f - ol &
%// ~ TOFRIRST &l ‘é’ - 2 .x|l— o
W\ Sz~ eroDN, 38 = g3 0| =
1 -contraa ] .- S IR
o ] I | | | 1 i L1 | | o
0 1 z 3 q ] 6 7 8 9 10 " 12 3 4
ESTIMATED TOTAL LEADTIME (YEARS)
B-23I-R-¥-170
© FIRST PRODUCTION CONTRACT
NOTES: 1 Cur-off dote of data. 30 June 1957,

2. First production contract points are plotted of the project leodtime estimote
as of 30 June 1957,

SOQURCE: Appeadix Tabie A - 7

FIG. 9

TIME TO FIRST PRODUCTION CONTRACT VS ESTIMATED TOTAL LEADTIME
COR ELEVEN NONOPERATIONAL GUIDED MISSILE SYSTEMS

29

SECRET




SECRET

Figure 9, describing eleven nnnoperational systems, shows that, as
of mid-1957, there is wide variat.oa of estimated time spent prior to
the first production contract, from 29 percent to 84 percent of the time
to the estimated first operational availability. There is less tendency
for the estimates to fall into grouprs by percentage for the nonoperational
than for the operational systems. Nine of the eleven systems (B2 percent)
were estimated, as of 30 June 1957, tc require 3.4 years or less from
first production contract to operational status (see Appendix Table A-7).
Since the current estimates of total leadtime are probably optimistic, as
discussed in Section 1V, some points can be expected to move to the right
with time (i.e., actual total leadtimes may be greater). The precise ef-
fect on the pattern as plotted cannot be feorecast.

In general, it can be said that for seven of the nine uperational
systems about one-half to three-quarters (50 te 75 percent) of their
total leadtime to operational status was vxpended prior to the first pro-
duction contract and they required from 1.4 to 4.1 years from first pro-
duction contract to operational gtatus.

The eleven nonoperational systems show wider variation, and the pat-
tern of variation will probably change as they become operational,
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Section VII

ARMY MISSILES: TIME FOR RESEARCH, DEVELOPMENT,
TEST, OPERATIONAL EVALUATION, OPERATIONAL AVAILABILITY

Figure 10 establishes, for each of eleven Army missile systems for
which data were available, a base line (project start to operational
availability) which is marked to show estimated and actual completion
dates for the phases of research, development, test, and operational
evaluation. The purpose of this figure is to determine the relationships
between the estimated or actual completion dates for research, develop-
ment, test, and operational evaluation in terms of the estimated or ac-
tual completion date for operational availability. The phases are those
defined in the Department of the Army Annual Guided Missile Progress Re-
ports to the Department of Defense:

Research--theoretical analysis, exploration, without completely de-
fined goals, directed toward the increase of knowledge and, with
it, the power to control phenomena.

Development --the extension of the investigative findings and theo-
ries of a scientific or technical nature into practical applicetion
for experimental or demonstration purposes, including the construc-
tion and testing of experimental models or devices but excluding
operational or scrvice tests.

Test--the physical and performance measurement of a specifically
developed 1tem (material, cquipment, system, or device) to deter-
mine the technical suitability of the item for use in the military
services.

Operational Evaluation--the test of a specifically developed item
(mater:ial, equipment, system, or device) under service or simulated
service conditions in order to determine as accurately as possible
1ts characteristics or performance and its utility in military
operations.

Operational availability is defined as the date when the first unit
is cquipped to have capability for action against the enemy (i.e., the
same date that is used in the earlier sections of this report),
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FIG. 10

ACTUAL AND ESTIMATED COMPLETION DATES FOR PHASES
OF ARMY GUIDED MISSILE SYSTEMS
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The following observations are made from Figure 10:

1. Research was completed or estimated to be completed before op-
erational availability in six out of nine systems (no dates
available for DART and TALOS). Estimates range from 7-1/2 years

before operational availability to 2-1/2 years after operational
availability.

2. Development was completed or estimated to be completed before
operational availability in seven out of ten systems (no date
available for REDSTONE). Estimates range from 3 years before
operational availability to 5-1/2 years after operational
availability.

3. Testing was completed or estimated to be completed before op-
erational availability in five out of ten systems (no data
available for PLATO), Estimates range from 2 years before op-
erational availability to 3 years after operational availabiiity.

4, Operational evaluation was completed or estimated to be com-
pleted beforc operational availability in two out of eight sys-
tems (no data available on CORPORAL, PLATO, and TALOS). Esti-
mates range from 2 years before operational availability to
4 years after operational availability.

One would normally expect that research, development, and test for
a specific system configuration would occur before that system becomes
operational. The data do not reflect this relationship; the data do not
identify the smaller variations of system configuration, Evidently the
data refer in many cases to advanced configurations, as indicated by the
numerous extensions of the cstimated completion dates for R&D phases be-
yond the dates of operational availability: for example, research is
completed up to 2-1 2 years, deveiopment, up to 5-1/2 yecars, and test,
up to 3 ycars after operational availability.

The data show little reasonable pattern. It is concluded that the
present rcporting system for estimated completion dates in the Annual
Guided Missile Progross Reports is inadoquate to demonstrate the rela-
tionship of R&D functions to operational availability of the first unit.
It appears that the definitions of rescarch, development, test, and op-
crational evaluation are not or cannot be related by the estimator to
specifice system configurations.
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Section VIII

ERRORS IN ESTIMATING R&D F IAS:S
FOR THE ARMY'S SAM FAMILY

The previous section demonstrated the lack ui ' 7“1yl velation
ships between operational availability and the lat st estimated coaple-
tion dates for research, development, test, and o -‘ational eveluallcn

of the Army missile syctems. In this section, five of the Army’s surface.

to-air migsile systems (NIKE-AJAX, NIKE-HERCULES, PAWK, FLATU, and TALOS
(land-based)) are selected to demonsirate the errory in estimaiing the
completion dates of research, development, test, end operational
evaluation.

Figures 11 to 15 are plots of several series uf estimates of the
occurrence of specified events in the five missile systems. The dates
of the estimates are plotted on the vertical scale, and the estimated
dates of completion of the specified events are plotted on the horiazonia:
scale. Estimated dates for as many as five events are shown for -ach
missile system: completion of research (R), develspment (D), test (T)
operational evaluation (OE), and first operational availmoility (GA),
These events, which are defined in the legend of euch figure, arc cus.
tomarily used by the services in rendering the A_n_llx_gl_gﬁd'_m_(
Progress Report (in October of cach year).

As shown in Figures 11 ta 15, the slippage ra‘es of the ewi:imut o
completion dates for research, deveslopment, test, . d oparations!
tion arv, i1n most cases, greater than the slippage -ate of the «+-+ .
date for operational availability., The range of d Iference bitwer ¢
anrd latest cstimated completion aates for reseavch 18 6.2-9.9 yi -

development, 0-9.2 years: for test, 0.4 yeats; and Jor gperationd - yais,

tion, 0-3 years. By contrast, the same range for cverationnl arainhe
ity is 0.5-2.5 years. The explanation of this gre lor varjatiaon e
lies in the arens of (1) the apparent greater diff: iy ol aco 00 1y
cstimating rescarch and develapment completion dat - and (2) ‘he ®
reporting of the relationship between RED and apeet 'te syatem oo iy
tions Note that the vartations of cprors hecome - qecessyyvely s, 7y

as one uscs cvents with casily det crmained dates <uch oan tost | o

cvaluation, ard operational avariabyiaty

gy
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FIG, 11

ESTIMATED COMPLETION DATES FOR PHASES
OF NIKF-AJAX MISSILE SYSTEMS
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FiG. 12

ESTIMATED COMPILETION DATES FOR PHASES
OF NIKE-HERCULES MISSILE SYSTEM

37

SECRET

A

- AbdEL

.

ikl




SECRET

DATE OF ESTIMATE

196}

1960

1953

1988

1957

1956

1988

1954

1983

1982

1981

1980

1948

1948

04
{

W N
/

1 23] ﬂ

g
r
d

; -Legend -

R Ressarch

D Development
T Test

Ot Operational Evaluction
OA Operotional Avallability

I l

a8 49 50 'St ‘'s2 83 'S¢ 'S5 'se ‘ST ‘sa 'S®9 ‘60 ‘61 ‘62
ESTIMATED DATE OF COMPLETION [T,

SOUKCES: R, D, T, OF - Annual Guided Missile Progress Reports, Department of Army
QA - DOD Guided Missile Program Tobles, D/A Estimates

FIG. 13

ESTIMATED COMPLETION DATES FOR PHASES
OF HAWK MISSILE SYSTEM
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FIG, 14

ESTIMATED COMPLETION DATES FOR PHASES
OF PLATO MISSILE SYSTEM

39

SECRET

T

s ks




SECRET

DATE OF ESTIMATE

1261

1960

1989

1958

1957

19%6

1968

1934

1953

1982

1951

1980

1949

1948

T/ \|}

~T

-~ Leagend -

R Reseorch
R —none | D Davelopment
OE - none T Test

D A Ot Operotional Evaluation
OA Operational Avallobility

‘a8 49 's0 'sI ‘52 '53 'S4 8§ s ‘ST ‘'SR 'sg ‘s0 ‘el
ESTIMATED DATE OF COMPLETION s-tam - zeey

SOURCES: R, D, T, OE - Annuol Guided Missile Progress Reports, Department of Army
OA - COD Guided Missile Program Tables, D/A Estimates

FiG. 15

ESTIMATED COMPLETION DATES FOR PHASES
OF TALOS (LAND-BASED) MISSILE SYSTEM
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Section 1X

USE OF LEADTIME AND ESTIMATING ERROR DATA

Data have been presented in the preceding sections with only occa-
sional referernce to the possible cause-amd-effect relationships which
suggest why leadtimes vary from system to system or why estimates prove
to be inaccurate. If the data are to be used at all, however, some under-
standing of these relationships is necessary for interpreting the meaning
of the data to guide their proper use. Detailed examination of these
causal relationships is beyond the scope of this research; however, dur-
ing the course of the research, it was necessary to establish the general
framework of factors affecting leadtime and the factors affecting the ac-
curacy of estimates. The relationships and their effect on the applica-
tions of the data are discussed below.

leadtime Data Characteristics

leadtimes for complex weapon systems can be expected to show some
similarity. Some minimum leadtime is necessary under the most favorable
conditions to integrate components into systems and test them, tool up
and produce equipment, train personnel, install launching equipment, and
deploy tactical units., Some maximum leadtime is also to be expected.
In a time of rapid change of military technology, weapon systems which
require very long leadtimes are likely to become obsolescent and to be
cancelled prior to becoming operational.

The data show the wide variation between these extremes that can be
expected. Logically, leadtimes are affected by at least the following
factors: advance required in the state of the art, technical complexity,
organization complexity, relative state of urgency for the system, and
the national state of urgency. These factors are not accurately known

for the future with any assurance, nor is their effect on leadtimes known
quantitatively.

Use of leadtime Data

It is evident from the discussion above that the historical leadtime
data must be used in conjunction with the best available knowledge of the
gualitative {aciors afiecting leadtime for specific weapon systems. Used

in this way, the historical leadtime data can be of advantage in two areas:
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1. Estimates can be compared with the historical data. Marked
deviations of the estimates from historical leadtimes required
by systems which were simjilar with respect to factors affecting
leadtime can call aitention to the need for more careful exami-
nation of the estimates,

2. Where long-range plans require assumptions about system lead-
times, the data can be useful if the results of the planning
are not sensitive to the accuracy of the leadtime assumed for
any one system,

Estimating Error

"Estimating error” is used in this report in a specialized sense to
mean the difference between estimated and actual dates regardless of
cause and independent of any connotation of blame. In the sense of this
definition, a wide range of errors can be expected Locause of the diffi-
culty of defining "realistic” conditions and assumptions and the diffi-
culty of estimating for very complex missile systems what could be done
in a stated time, even if all conditions and assumptions were satisfied.
The data show that errors have a pronounced tendency to be on the opti-
mistic side of the possible range of error. Several reasons, which are
illustrative rather than comprehensive, can be stated for this tendency:

1. Detajiled estimates originate with contractors and military proj-
ect managements. These organizations are oriented to their sys-
tems and can be e4pected to be biased in their favor.

2. The military's desire for shorter leadtimes encourages opti-
mistic estimates.

3. Estimates made early in the development of a weapon system
originate with R&D organizations which tend to underrate the
difficulties of hardware production, personnel training, and
system deployment.

4. The military's decision-makers freqguently require estimates
based on optimistic priority assumptions by each weapon system.
It 1s the decision-makers' prerogative to effect, system by
system, high or low priority programs. A net reductvion in the
priorities assumed resuits in optimistic error.
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5. Many events or conditions which increase leadtime but which have
a low probability of occurring in any one system development can
not meaningfully be taken into account by estimators.

On the basis of both the apparent tendency shown by the data on non-

operational systems and the discussion above, it appears that estimates
will continue to be optimistic.

Use of Error Data

It is important to consider the consequences of reducing or elimi-
nating the average optimistic bias from a set of estimates. Since the
dogree of optimistic error varies widely from system to system, compen-
sation for the average optimistic error will change the estimates from
nearly all optimistic to approximately half optimistic and half pessi-
mistic., For some purposes the penalty attached to a pessimistic estimate
may be greater than that attached to an estimate which is optimistic by
the same amount of time., For example, failure to provide funding for
long leadtime elements, on the basis of a pessimistic estimate, may cause
delay in a system's develgpment that may be more serious than tying up
obligated funds (provided on the basis of an optimistic estimate) which
will not be expended as soon as scheduled. As a further example, if com-
pensation for optimistic error is made to estimates for some systems, and
if these estimates are compared with uncompensated estimates for other
systems, faulty conclusions and decisions can result.

If the consequences noted above are taken into consideration, the
estimating error data can be used to advantage in evaluating current es-
timates for purposes of program planning and control. The data indicate
a pronounced tendency for estimates to be optimistic. The evaluator can
be conditioned by these data to be more critical of the realism of as-
sumptions on which estimates are based.

The magnitude and range of optimistic errors in the data suggest a

need for further research, first on the causes of error in estimating,

and subsequently, on the possibilities of improved program planning based
on knowledge of the causes.
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Table A-1

ACTUAL AND ESTIMATED LEADTIMES FOR ARMY, NAVY, AND AIR FORCE MISSILE SYSTEMS
As of 30 June 1937

. gt

Ninon)
i
SR LR RGP+

§ Derivatica of Opersiional Lesdtimes
i
9 Operational Systems 22 Nonoperational Systems
- Missile Systes Project Start
i ssile
) pate Oparational | Lesatame | I000t Bt | per. asdtine
Avuubi}uy (years) Dnt; “ o: . (yoars)4/
Datel - R
@)-Q1) Py “)-)
; 43} @) 3 ) )
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i NIXE-AJAX 2480427 1764 8.0 :
i NIKE-HERCULZS 4/522/ 1/88 8.2 E
NIKE-ZEUS 2/882/ 1088 10.3 3
TERRIER 11/462/ /88 8.7 P
TALOS (Ship) 6b V174837 4/58 11.4 ;
TALOS (Land) 87643/ 1960 3.8 E
BOMARC (1K-80A) 181,37 8/59 8.7 3
TARTAR 6/8)3/ 3/60 s.8 i
HAWK 3 a2/ 10/89 (] 3
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SPARROY 1 12/46{.:3/ 4r58 8.3
SPARROY 111 1518/ 1787 6.8
FALCON (GAW -1} 347007 4758 0.1
SIDEWINDER /801 7/88 5.8
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S8M :
MATADOR (TH-61A) 24627 3/54 8.1 :
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3 4 ¥here snly the year 1s given in the estimate,

atad assuming the month
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OPTIMISTIC

Table A-3

ERRORS IN ESTIMATING OPERATIONAL AVAILABILI"Y
OF FEIGHT GUIDED MISSILE SYSTEMS
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N FSTIMATING OPERAT IO I. AVATLABIL1:Y
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a.n -2 as58 1.6 i 1 a/5% 9.3 0.8 0,2
8/506G 1.1 .0 0.1
6/56 | 0.8 u a1
#./56 o1 [\N .1
l |
1
/56 1755 /54 :
FEOAL LUTATION 9 LATA
" 1 LRI i H
optimistie Errore ol Estimate (Er)
- Crears) :
. H
: o ———— S —
o : b ' 1 orima 1 FLTREL Falcon | osparaow 1 | sioesisoer | REciaes 1 | watanor | teat | Average
. ; ! 1.8, =1.2 0.3
' ' | 0oR, =02 R X
" ) } LA sk 1k VK, 1.8
o \ e £ ] 0t
' ! LI 02 1.7 1.
) e, e | I - PR
[ e 2.8 J ok e 1.8 —e 1.8
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v 4.6 5 o.ui 1.8, 0.8 2.8, 1.8 5.7 .2
2. H 1. Sl 1. K 200, 001, 10,7 B
H ' ' ol
; o L s on 0.8 0.1
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Table A-4

ESTIMATED COMPLETION DATES FOR OPERATIONAL AVAILABILITY
OF THIRTEEN GUIDED MISSILE SYSTEMS NOT OPERATIONAL BY 30 JUNE 1957

Estimatod Completion Date by Date of Entimate

Date of |
Byaten Projoct | yor | wov. | may | san. | dune | san. [uar. } suiy | snr. | war, | sune { poc. [ sune | Des, | gune | Dec. | Apr. { sune
BIAPU | g7 | 47 | 48] 49 | 49 | 50 | 81 [ 81 | 82 | s3 | sa | s | o5 | sa | 56 | 08 | 57 | &7
BNARK Peb, Jan,
] 54 | sa | s3] 53 | 84 | s4 | sa | s4a | 38 | 66 | 88 | | 56 | 68 | 59 | 80 | 80
RABCAL May Bepl.
a8 52 | b4 | s3] 54 | B4 | 84 | 54 | sa | s | sa | se | 67 | 57 | 57 | o7 | ss | s
TRITOR sopt .,
46 =] s3] sal 53 | s | s8 ) se | 59 | se [ ~ | 83| 85 | es | 6t | e
TALDS (8hip) Rov . APT. | Apr,
46 53 83 51 51 54 5d 54 5 54 58 58 (1] 58 s 8B 53 133 98
LACROSSE July oct, | oet.
47 - - - 54 533 - 54 34 5% - 58 58 - o9 [ 59 58 58
REDSTONE July Apr. | Mar.
50 — - | - — - -1 - 133 56 L.1] 58 58 88 | - | b8 58 58
BOMARC Jan Sept.| Sept.
81 el me | ] =] -] - | 84| sa| ss | s7] 58 [ 60| eo | s0| se | se ]| 69 | 50
SPARROW 111 Jan, Nov. | dov.
51 _ [ R R S - — | st} s3] - | se | se| sr | sr| ar ] sv| s7 | 87
HAWK Guiy et
- R I — | - 56| 56| 56| -] 6o [ 60| 6o | s8] 38| s90 | 8o | s9
BULLRUP Apr. Dec. Dec,
S - I wf e e b el me ] ae | -] 87 87} se ] 38| sa | sa| _ | se
HERCULES Apr. July | Mar. July| July| July July
52 - - - - - -- -- -- - 58 58 - L) 58 8 - 38
DART pec. July | Julv
52 - - - - — —- - -~ - 58 9 | =9 59 39 59 39 | se
SERGFANT Apr. July July| Dee. Sept.
54 - - .- . - - -- - - -~ - 81 _— 62 62 62 ~— 62
Seurce  Office of the Assistant Secretary of

¢ .or

nesearch and Engineering.
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Table A-5

ACTUAL AND ESTIMATED LEADTIMES A8 A FUNCTION OF DATE
OF PROJECT INITIATION FOR THIRTY-ONE GUIDED MISSILE SYSTEMS

S BRI 4

Project Lesdtims (years)
System Start

Date Actual Estimated
PETREL 8/44 11.4
CORPORAL R 12/44 9.5
NIKE-AJAX 2/45 8.9
MATADOR 2/48 8,1
SNARK 2/48 iz.5 .
RASCAL 5/48 12.3 i
REQULUS I 8/46 8.8 =
TRITON 8/46 18.8 -
TALOS (8hip) 11/46 11.4 ‘ i
TERRIER 11/48 8.7 S
SPARROW I 12/48 8.3 i
FALCON 3/47 9.1
1ACROSSE 7/47 11.2 .
RFDSTONE 7/50 7.7
SIDEWINDER 8/50 5.8 -
BOMARC 1/51 8.7
ATLA3 1/51 8.2 :
SPARROW III 1/51 8.8
HAWK 3/51 8.6
TARTAR 6/51 8.8
BULLPUP 4/52 6.7
NIKE-HERCULES 4/52 8.2
DART 12/52 6.6
REGULUS 11 6/53 6.1
SERGEANT 4/54 8.4
TALOS (Land) 9/54 5.8
NIKE-ZEUS 2/55 10.3
JUPITER 6/55 4,1
THOR 6/55 4.1 i
POLARIS 11/55 7.8 ;
TITAN 12/55 5.2 !
Source: Table A-1.
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Table A-8 %
ACTUAL AND ESTIMATED COMPLETION DATES FOR
PHAEES OF ARMY GUIDED MISSILE SYSTEMS
Actusl and Estimmted Comyletion Dnn-l-/
Missil Project | Date
saile A
Start of Develop- Operational | Operational
Systes Date | Report Ru(;;rch ment T‘:;tm‘ Evaluation Availability

[4:)) (OE) (on)
CORPORAL E 12/44 10/56 12/835 13./56 13/56 continuing 8/84

NIKE-AJAX 2/45 | 10/88 6/582/ 6/592/| s/343/ 6/843/ 1/84

1ACROSSE 1747 | 10/88 1/54 7/88 1/87 7/58 9/88

REDSTONE 7/80 | 10/88 6/51 | continu- 2/60 2/80 9/88
continu- ing 4

ing

HAWK assy | 10/86 /54 3/88 7/59 1/61 9/89

NIKE-HERCULES | 4/s2 | 10/86 ese02/|  em¥| s/01Y]  e/ma¥ 8/58

PIATO 8/52 | 10/56 6/63 6/63 - -- 12/63

DART 12/52 | 10/56 -- 6/57%/]  a/682/] 6/60%/ to 6/59

8/602/
SERGEANT assa | 10/38 12/56 15/60 12/62 6/633/ 9/62 }
i
TALOS (Land) ors4 | 10/88 -- e/s’|  e/se?/ -- 6/60%/
NIKE-ZEUS 2/55 | 10/56 asa22’|  e/622/ o/632/ 6/632/ 6683/ :
876427 6/652’|  ese8’ 6/65%

1/ Historical dates or times are underlined; estimated dates or times are not underlined.
2/ Dates where only the year was given are assumed to be midyear.

Source: Annual Guided Missile Progress Reports, Department of the Army. Dates cf reports
are indicated in "Date of Report’ column,
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Tabie A~-9

SLIPPAGE OF ESTIMATE FOR COMPLETION OF
SPECIFIED PHASES OF FIVE ARMY GUIDED MISSILE SYSTEMS

1/ R = Research,

D = Development, T
2/ Two dates are shown 10 the basic data,

(1) (3) (3) ) (-] (e, (&)
Data Range First Last 8lippage of | 81:ppage
Nissile System | Phasel! Projent | Estimated | Estimated | Estimate Rate
Start Completion | Completion (8)~(4) (8)5(3)
From To Date Date (yoars) (yr/yr)
NIKE AJAX R 10/48 | 10/58 2/48 /4% /30 9.9 1.2
] 10/48 | 10/88 4/80 ¢/89 9.3 1.1
T 10/48 | 10/56 1/81 6/5¢ 3.4 0.4
oR 10/81 | 10/56 8/64 8/54 o, 0.
OA 1/48 | 12/83 6/81 12/83 2.5 0.4
NIKE-HERCULES R 10/83 | 10/536 4/52 8/63 8/60 7.0 2.3
D 10/83 | 10/56 8/56 8/61 5.0 1.7
Ty, 10/83 | 10/86 8/87 6/61 4,0 1.9
05; g 8/84 | 10/886 6/890 ¢é/683 3.0 1,3
OF= 6/54 | 10/86 8/58 6/87 — -
b 0A 12/53 8/87 13/87 8/88 0.5 0,1
TALOS (land-based) R - -— 8/54 - - -~ -
D 8/tt | 10/88 /87 6/67 0, 0.
T 8/84 | 10/88 6/88 a/08 0, 0.
OB - -— -_— - —_ —
oA 12/54 8/37 12/39 8/60 0.8 0.3
HAWK 1 R 10/53 | 10/54 3/%1 6/5%4 /84 0.3 0.2
D 10753 | 10/56 8/58 3/58 1.8 0.8
T 10/53 | 10/56 8/67 /59 2.1 0.7
GE 10/83 | 10/%6 /58 1/61 2.8 0.9
QA 3/51 6/51 6/58 10/59 3.3 0.5
PLATO R 10/53 | 10/38 9/52 8/57 6/63 8.0 2.0
D 10/53 | 10/58 6/58 8/63 5.0 1
T 10/53 | 10/53 - - - -—
OE 10,53 | 10/53 — — - —
OA 8/56 . 6/57 12/63 - - —

Test, OE = Operational Evaluation, QA = Operational Availability.

56
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A ndix B

EXPLANATION OF PLOTTING METHOD USED IN
SECTIONS IV AND VIII

The figure below illusirates the graphical plotting method ahown in
Sections 1V and VIII. The dates on which estimates of future specified
events (e.g., ''operational availability"”) are made are plotted on the or-
dinate, and the corresponding estimated dates for completion of those speci-
fied events are plotted on the abscissa.

Dates of Estimates
of Operational Availability

telimated Dates for Completion
of Operational Availability
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For example, point 1 (B) represents an estimate of operational avail-
ability. The date the estimate was made was mid-1945 (ordinate) and the
2stimate stipulated that operational availability would be achieved in
the middle of 1948. Points 2, 2, and 4 are additional points represent-
ing estimates of opcrational availability. Point 4 (D), which falls on
a line 45 degrees from either axis, represents the actual date of opera-
tional availability, Points on the "45.degree line" can be visualized
as representing the present as of any date of eatimate; points (such as
points 1, 2, and 3) which lie to the right of the 45.degree line refer
to the future; points which lie to the left of the 4%5-degree line relate
to the BEEE'

Further information available from this plot ia:

(1) AcC - actual time-to-go as of the date of the first estimate.
(2) AB - estimated time-to-go based on the first estimate.

(3) BC - error of the first estimate,

(4) ¢€» - period of time over which estimates are made.

(5) BC/cb - average slippage rate from first estimate to opera-
tional availability.
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Appendix C

METHOD OF COMPARING ESTIMATING PERFORMANCE IN
OPERATIONAL AND NONOPERATIONAL SYSTEMS

It was necessary to compare the estimating performances for nonop-
erational systems with those for operational systems to see if substan-
tial differences exist which could be taken into account in interpreting
the data for nonoperational systems,.

The measure of comparison chosen was the average.slippage rate (see
Appendix B). The average slippage rate, as defined, appears to represent
the data adequately for the purpose, and is simple to determine.

Figure 16 illustrates the method. For operational sys‘ems, Fig-
ure 16 (A), a line is drawn from the first estimate to the operational

availability point and its average slippage rate determined in terms of
years' delay per year,

For nonoperational systems, Figure 18 (B), earliest and latest prob-
able availability dates were determined and the rates of change from the
first estimate to these two points were measured. An earliest and latest
probable date was chosen to describe the estimating performance rather

than a single "most probable" date to call attention to the uncertainty
of the extrapolation,

The earliest and latest probable availability dates were watablished
on the assumption that the errors of mid-57 estimates for the nonopera-
t-onal systems would follow the pattern of the errors for the operational
systems shown in Figure 4. Figure 16 (C) shows the band which includes
£" percent of the data points of Figure 4 (excluding the 10 percent of
tiie points with the greatest optimistic error and the 10 percent with the
least optimistic error). The lines of probable maximum and probable mini-
mum optimistic error, used to project the carliest and latest probable
availability dates, are simplified approximations of the edges of this
band. Hence, the probable earliest and latest availability dates can be
expected to bound the actual date of operational availability in about
80 percent of the cases, if the estimating ~ccuracy of these nonopera-
tional systems follows the patiwrn of the operational systems,
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ACTUAL
AVAILABILITY

1988 DATE—

g

/ AVERAGE SLIPPAGE RATE L/
/

SERIES OF ESTIMATRS
" (rypicaL ExauPLE)Y

1960

i §

il

DATE OF ESTIMATE

/
/
/

g ————FIRST ESTIMATE

1948 Lt ittt vttt @

1948 1980 1988 1960
ESTIMATED OATE 7 FIRST CPERATIONAL AVAILABILITY
TYPICAL OPERAYIONAL SYSTEN

e

ITTTTTilhol

PROBABLE AVAILABILITY DATES:

ufesr\
EARLIEST.

1960 MAXIMUM PROBABLE T
ESTIMATED OPTIMISTIC ERROR i

TIME=-TO~GQ i FroM (€) (1.7 vEans) &/
(0.8 YEAR) 2{3/, /3

-wd

]

I

P AVERAGE SLIPPAGE RATE: "
LATESY ESTIMATE,

1988 | (MID-1987) L T—PROBABLE MAXIMuM 2/
/ PROBABLE MINIMUN 2/

DATE OF ESTIMATE

H” "t ——SERIES OF ESTIMATES 1
(TYPICAL EXAMPLE) 2/ t

W FIRST ESTIMATE
oA L LIl Lt ® .
1950 1958 19¢0 1968 H

ESTIMATED DATE OF FIRST OPERATIONAL AVAILABILITY
TYPICAL NONOPERATIONAL SYSTEN

JTTTT1

9-2341-2-w-172

1/ Typicol exempla used: SPARROW I. Average siippage rate = 0,38 yeer's
deloy/yeor.

2/ Typicol example used: REOSTONE. Average slippoge rate:

Probeble minimums0.47 yeor's deloy/yeor.
Probable meximum 2 0,88 yeor'y delay/yeor.

3/ 340 Appencix B
F1G. 16
fLLUSTRATION OF COMPUTATION OF AVERAGE RATES OF CHANGE
OF ESTIMATED OPERATIONAL AVAILABILITY
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PROBABLE MAXIMUM OPTIMISTIC ERROR
USED FOR PROJECTING PROBADLE
LATESY AVAILABILITY DATE

-~ 4
o~ —
L ——
/
7/
7/ -3
R
//

-—— 2

BAND WHICH INCLUDES THE

PROBABLE MINIMUM OPTI- CENTRAL B0 PERCENT OF THE
MISTIC ERROR USED FOR ERRORS OF ESTIMATE FOR 8

PROJECTING PROBABLE

OP!RM'lONAl/.MS (F16. &)
EARIEST AVAILABILITY DATE \

/ \
[T N N VA T .

e e oo o Yomn e e vt = PR

7 [ £ 4 3 2 t

ESTIMATED TIME-TO-G0 TO OPERATIONAL AVAILABILITY (VE!RSL_1 , @

PROBABLE MAXIMUM ANO MININUN ERRORS
USED TO PROGJIECT AVAILABILITY DATES
FOR NONOPERATIONAL SYSTEMS

S=2381-2-m- (7}

FIG, 16 Continued

ILLUSTRATION OF COMPUTATION OF AVERAGE RATES OF CHANGE
OF ESTIMATED GPERATIONAL AVAILARILITY
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Figure 16 illustrates the method : f measuring average slippage rate.
The plot of estimates for a typical operat. .u. svstem, SPARROW I, is
shown in Figure 168 (A). The avcrage slippage rate, ism first estimate
to the actual availability date (0.35 year's slippage . year), is ob-
tainea by dividing the total slippage (the horizontal «n. .:znce from
June '52 to April '55, or 2.8 years) by the time from ‘-: 1ate of the
first estizate to the aveilability date (the vertical ui. tance from
March '47 to April '55, or 8.1 years).

The plot of estimates for a typical nonoperational system, REDSTONE,
18 shown in Figure 16 (B). The latest estimated availability date is
March ‘58 which is 0.8 year estimated time-to-go from June ‘57, the date
the estimate was made. Probable minimum and maximum optimistic errors
associeted with an estimate of 0.8 yoar time-to-go are obtained from Fig-
ure 16 (C): =zero years probable minimum and 1.7 years probable maximum
optimistic error. The earliest and latest probable availability dates
are determined by applying these allowances for error in PFigure 16 (B):
the earliest probable date is March '58 plus 0.0 year, and, the latest
probable date is March '58 plus 1.7 years (30 months), or November 'S8,
These projected earliest and latest probable availability dates are used
in measuring the average slippage rate in the same mannor as described
above for the typical operational system.
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